Introduction of DNA enzyme for Egr-1 into tubulointerstitial fibroblasts by electroporation reduced interstitial ␣-smooth muscle actin expression and fibrosis in unilateral ureteral obstruction (UUO) rats Introduction
Tubulointerstitial inflammations and fibrosis are common features in a variety of progressive renal diseases. It may determine the degree of impairment of renal function and predict long-term prognosis more accurately than glomerular injury. 1, 2 Interstitial fibrosis is characterized by accumulation of matrix protein in the renal tubulointerstitial compartment. 3 During the development of interstitial fibrosis, a high proportion of 'myofibroblasts' was found to express ␣-smooth muscle actin (␣SMA). [3] [4] [5] [6] ␣SMA, one of six actin isoforms identified in mammalian cells, has received considerable attention as a specific marker for cells of smooth muscle origin. [7] [8] [9] [10] ␣SMA is normally expressed by smooth muscle cells, myoepithelial cells and vascular pericytes. 7 The expression of this marker by mesenchymal cells with features of fibroblasts has been used to define the myofibroblast, a cell type intermediate in phenotype between fibroblasts and smooth muscle cells, thereby acquiring a contractile feature similar to smooth muscle cells. These cells have been identified in healing wounds and scarring processes in several organs including the kidney. Increased expression of ␣SMA in the interstitium has been noted in several progressive models of renal injury. [3] [4] [5] [6] In addition, it was proposed that up-regulated interstitial expression of ␣SMA might serve as a predictor of progressive renal dysfunction. 11 Following the ␣SMA expression in the tubulointerstitium, several events occur in parallel, including an influx of monocytes/macrophages and accumulation of various extracellular matrix proteins.
Rupprecht et al 12 demonstrated a very close correlation between the proliferative response of mesangial cells and the induction of early growth response gene 1 (Egr-1) in vitro and in vivo. Egr-1 is a zinc finger transcription factor encoding 80-82 kDa that bind to target DNA that interacts with a consensus GC rich region, GCG(T/G)GGGCG, to influence the transcription of a diverse set of genes. [13] [14] [15] Egr-1 has been implicated in the induced expression of several growth factors such as transforming growth factor-␤ (TGF-␤), 16 basic fibroblast growth factor (FGF), 17 platelet derived growth factor-A (PDGF-A) 18, 19 and PDGF-B, 20 and adhesion molecule, such as intercellular adhesion molecule 1 (ICAM-1) 21 and CD44, 22 which was suggested to play an important role in renal interstitial inflammation and fibrosis. The induction of PDGF 4, 23 and TGF-␤ 24,25 could contribute to myofibroblast transformation, proliferation and extracellular matrix accumulation that are the hallmarks of progressive interstitial fibrosis. Therefore, targeting Egr-1 expression in the interstitium could be an ideal strategy for interstitial fibrosis.
Targeting interstitial cells has proven to be challenging, and inhibition studies in animal models of progressive interstitial fibrosis largely remain to be performed. We pioneered a new strategy of gene transfer to the renal interstitial fibroblasts using the HVJ liposome method. 26 We then demonstrated that the introduction of antisense oligodeoxynucleotides (ODN) for TGF-␤ into renal interstitial fibroblasts could inhibit interstitial TGF-␤ expression and thereby prevent interstitial fibrosis. 27 More recently, we developed a new gene transfer system by electroporation in vivo: DNA injection via the renal artery followed by application of electric fields. 28 Electroporation is free from oncogenicity, immunogenicity and cytotoxicity of viral vectors. On histological examination, we observed few harmful effects on transfected kidney except small burns on the surface in contact with the electrode. There was no histologic damage in glomeruli and tubular epithelial cells by electoric pulses. In addition, the electroporation-mediated gene transfer technique resulted in significantly higher transfection efficiency than HVJ liposome method. 28 In the present study, we examined the possibility of gene manipulation targeting interstitial Egr-1 expression by electroporation-mediated retrograde gene transfer into interstitial cells using DNA enzyme. DNA enzyme, 29 a new generation of catalytic nucleic acid composed of DNA, can potentially cleave RNA at any purine-pyrimidine junction and offer greater substrate specificity than hammerhead ribozymes. Here, we first demonstrated that the Egr-1 expression was increased in the obstructed kidneys. The introduction of a DNA enzyme for Egr-1 into interstitial fibroblasts by electroporation reduced Egr-1, TGF-␤, ␣SMA, and type I collagen expressions and consequently suppressed the fibrosis in obstructed kidney.
Results

Effects of the DNA enzyme on Egr-1 expression in vitro
It was reported that serum stimulation elevates Egr-1 expression on mesangial cells. 12 To target Egr-1 expression in interstitial fibroblasts, we first examined the Egr-1 mRNA expressions on normal rat kidney (NRK) cells, a fibroblast cell line derived from rat kidney. Northern blot analysis demonstrated that Egr-1 mRNA levels were elevated in a fetal calf serum (FCS) concentrationdependent manner ( Figure 1a ) and that peak expression was observed at 60 min after serum stimulation ( Figure  1b) .
To examine the effects of the DNA enzyme on Egr-1 expression, NRK cells were incubated with ED5 or SCR before the serum stimulation. ED5 blocked the FCS induced Egr-1 mRNA expression, while SCR had no effect (Figure 1c) . Western blot analysis demonstrated that ED5 also inhibited the serum stimulated Egr-1 protein expression (Figure 1d ).
Electroporation-mediated retrograde gene transfer into interstitial cells
We examined the possibility of transferring foreign genes into renal interstitial fibroblasts by electroporationmediated gene transfer. Fluorescein isothiocyanate (FITC)-labeled ODN were retrogradely infused into the left kidney via the ureter and the left kidney was electroporated (six times at 75 V) using the tweezer-type electrode. FITC-labeled ODN were diffusely observed in the nuclei of interstitial cells 10 min after transfection ( Figure  2a 
Effect of ED5 on Egr-1 and ␣SMA expressions in obstructed kidneys
In obstructed kidneys, cortical Egr-1 expression preceded the increased expression of ␣SMA ( Figure 3 ). The early expression of Egr-1 could be seen 12 h after ureteral ligation. It declined thereafter but remained strong 7 days after obstruction. ␣SMA expression, following the Egr-1 expression, started at day 2 and peaked from days 4 to 7.
To examine the effect of the DNA enzyme on obstructed kidneys, ED5 or SCR (200 g) were retrogradely transferred via the ureter by electroporation and then ureteral obstruction was induced by ligation. Northern blot analysis demonstrated that cortical Egr-1 mRNA levels were markedly suppressed in ED5-treated obstructed kidneys on day 7 compared with those in untreated or SCR-treated obstructed kidneys ( Figure 4) .
The effective suppression of Egr-1 by ED5 limited the increased mRNA expression of TGF-␤1, ␣SMA, and, type I collagen on day 7 ( Figure 4 ).
Immunohistochemical examination showed that enhanced expression of ␣SMA was observed in the interstitial area of untreated or SCR-treated obstructed kidneys. However, ␣SMA induction was weak in the ED5-treated obstructed kidneys ( Figure 5 ).
Figure 2 The cellular localization of transfected ODN. FITC-labeled ODN accumulated in the interstitial cells 10 min after retrograde transfection by electroporation (a). To examine the cellular localization of the transfected ODN, rabbit polyclonal anti-laminin antibodies and Texas red-conjugated anti-rabbit IgG were used to stain the basement membrane (b). FITC (green)-positive cells were observed outside the basement membrane (red). To identify the transfected cells, the antibodies for RECA-1 (c, d), ED1 (e), and ER-TR7 (f) were used. Transfected interstitial cells were not coincident with endothelial cells (c, d) or macrophages (e), but were shown to be fibroblast-like cells (f). In addition, FITC-labeled ODN were introduced into the nuclei (blue) 10 min after transfection (d).
Figure 3
Effect on interstitial fibrosis
To determine the effect on the interstitial fibrotic changes in obstructed kidneys, histological analysis was performed using Masson's trichrome staining (Figure 6a ). The area of the fibrotic lesion of the cortical interstitium was determined in the sections stained light blue (Figure 6b ). Untreated obstructed kidneys for 7 days showed an expanded interstitium compared with normal kidney. SCR-treated obstructed kidneys exhibited increased tubular dilation, with a marked expansion of the interstitium. In contrast, ED5-treated obstructed kidneys showed a minimal interstitial expansion, although they exhibited the same extent of tubular dilation. There was no difference in the severity of interstitial fibrosis between untreated obstructed kidneys and SCR-treated kidneys. In contrast, the area of interstitial fibrosis was significantly suppressed in ED5-treated obstructed kidneys compared with untreated or SCR-treated obstructed kidneys (P Ͻ 0.01) (Figure 6b ). 
␣SMA in normal kidney (N), untreated obstructed kidney (D), SCRtreated obstructed kidney (SCR), and ED5-treated obstructed kidney (ED5) (×200).
Discussion
In the present study we demonstrated that introduction of DNA enzyme for Egr-1 into interstitial fibroblasts by electroporation-mediated gene transfer could suppress Egr-1 expression and thereby inhibit consequent interstitial fibrosis in obstructed kidneys. Despite various approaches and techniques, few successful studies have been reported concerning in vivo transfection targeting interstitial fibroblasts, which have been highlighted as the source of increased extracellular matrix synthesis. 3 In our previous studies, we showed that retrograde transfection via the ureter using the AVE-type HVJ-liposome method enabled selective DNA introduction into interstitial fibroblasts. 26 We suggested that retrogradely infused DNA solution could enter into the interstitial area by slipping through between papilla epithelial cells, and thereafter distribute diffusely in the cortical interstitial spaces. 26 More recently, we reported that in vivo electroporation, DNA injection via renal artery followed by application of electric fields, provides an efficient approach for glomerulus-targeted gene transfer. 28 In addition, in vivo electroporation with intra-renal-arterial DNA injection was more effective than the HVJ-liposome method. 28 By means of these innovative gene transfer methods, we demonstrated here that retrograde DNA injection via the ureter followed by electroporation resulted in interstitial fibroblast-targeted gene transfer. Its advantages, compared with viral vectors, are that it is simple, inexpensive and less harmful.
A number of cytokines, vasoactive compounds, chemoattractant molecules, and growth factors are involved in the development of interstitial fibrosis. 3 The plasticity of resident fibroblasts to assume a myofibroblastic alteration, which can be identified by ␣SMA expression, is one of the most important events associated with increased matrix accumulation.
3-6 TGF-␤ 24,25 and PDGF-BB 23, 30 are two growth factors that can transform fibroblasts. We have especially highlighted interstitial cells as a major source of TGF-␤1, and showed that the inhibition of interstitial TGF-␤1 expression resulted in the suppression of interstitial fibrosis. 27 Here, we demonstrated that inhibition of interstitial Egr-1 expression suppressed TGF-␤1 expression, and thereby ameliorated interstitial fibrosis. Taken together with our previous findings, 27 interstitial fibroblasts play an important role in the formation of interstitial fibrosis.
Egr-1 was reported to influence the transcription of a diverse set of genes. Egr-1 has been implicated in the induced expression of growth factors such as TGF-␤, 16 PDGF-B, 20 and basic fibroblast growth factor. 17 Cytokines, such as TNF-␣, 31 and adhesion molecules, such as ICAM-1 21 can be affected. Recently, activation of Egr-1 was shown to function as a master switch activated by ischemia to trigger expression of pivotal regulators of inflammation, coagulation and vascular hyperpermeability. 32 Deletion of the gene encoding Egr-1 strikingly diminished expression of these mediators of vascular injury in a murine model of lung ischemia/reperfusion injury, and enhanced animal survival and organ function. We found the elevated Egr-1 expression immediately after ureteral obstruction before the expression of a set of fibrogenic genes. We showed that inhibition of Egr-1 by ED5 ameliorated TGF-␤1, ␣SMA, and type I collagen expression. In addition, we observed the suppression of PDGF-B mRNA expression in ED5-transfected obstructed kidneys by RT-PCR (data not shown). These findings suggest that Egr-1-mediated gene transcription plays a key role in orchestrating the functional characteristics of tubulointerstitial fibrosis, and that inhibition of Egr-1 may suppress the above gene's expression, and thereby manipulate the interstitial fibrosis.
To inhibit the gene expression by cleavage of the target mRNA, antisense ODN and ribozymes have been adopted. 33, 34 Since the antisense mechanism is based on the hydrolysis of the RNA-DNA duplex by RNase H, 35 the effect of antisense may be transient. Ribozymes are catalytic RNA molecules that selectively bind to an RNA substrate and cleave phosphodiester bonds. However, the utility of ribozymes has been limited by their susceptibility to degradation by RNase. Recently, a new generation of catalytic nucleic acids composed of DNA, named DNA enzyme, was developed. 29, 36 These DNA enzymes can potentially cleave RNA at any purine-pyrimidine junction and offer greater substrate specificity than hammerhead ribozymes. We demonstrated that the serumstimulated Egr-1 expression was specifically blocked by treatment with the DNA enzyme for Egr-1 in cultured NRK cells. In addition, the introduction of DNA enzyme into interstitial fibroblasts suppressed the elevated Egr-1 expression in obstructed kidneys. It was reported that the antisense effect was similar to DNA enzyme only if the concentration of antisense ODN was increased by 600% of the DNA enzyme. 29 For resistance to 3'-to-5' exonuclease digestion, the 3' terminus of the DNA enzyme was capped with an inverted 3'-3'-linked thymidine. Therefore, the DNA enzyme appears to remain more stable than ribozymes or antisense ODN. In addition, phosphorothioate-modified ODN may hamper cellular function, because an additional negative charge on the ODN increases binding affinity for intracellular proteins.
In conclusion, the findings of the present study demonstrated that Egr-1 plays an important part in coordinating phenotypic alteration and the development of interstitial fibrosis. DNA injection via the ureter followed by electroporation could represent a powerful investigative and potentially therapeutic tool in vivo. In addition the molecular intervention by DNA enzyme may be a useful strategy for interstitial renal diseases.
Materials and methods
Cell culture NRK cells, a fibroblast cell line derived from rat kidney, were a generous gift from the Japanese Cancer Research Resources Bank. Cells were grown in Dulbecco's modified Eagle's medium (DMEM; Sigma, St Louis, MO, USA) containing 10% FCS equilibrated with 5% CO 2 -95% air at 37°C. The cells at passages 35 to 40 were used.
Design of DNA enzyme
Sequences of the DNA enzyme for rat Egr-1 (ED5) 29 used in the present study were 5'-CCGCTGCCA GGCTAGCTACAACGACCCGGACGTT-3' (3' thymidine inverted; italic, catalytic domain; underlined) (Bex,
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Tokyo, Japan). ED5 has two nine-nucleotide arms flanking the 15-nucleotide catalytic domain (underlined), which was designed to target the translational site AUG in rat Egr-1 mRNA. For resistance to 3'-to-5' exonuclease digestion, the 3' terminus of the molecule was capped with an inverted 3'-3'-linked thymidine (italics). The nucleotide sequence in each arm of ED5 was scrambled without altering the catalytic domain (SCR). SCR sequences were 5'-GCCAGCCGCGGCTAGCTACAACGA TGGCTCAACT (3' thymidine inverted; italics, catalytic domain; underlined). ED5 was reported to cleave Egr-1 mRNA specifically. 29 
Egr-1 mRNA expression on NRK cells
To examine the Egr-1 mRNA expression on NRK cells, Northern blot analysis was performed. NRK cells grown to subconfluency in 100-mm dishes with DMEM containing 10% FCS were made quiescent in 0.5% FCS for 48 h. Then, the cells were incubated in a medium with 0.5, 2, 5 or 10% of FCS for 60 min to examine the effect of the FCS concentration on Egr-1 mRNA expression. To examine the time course of mRNA expressions after stimulation by FCS, NRK cells were incubated with 5% FCS for 30, 60 or 120 min. After stimulation, the cells were washed three times with cold phosphate-buffered saline (PBS) and scraped and suspended with 1 ml of acidguanidium thiocyanate-phenol-chloroform extraction (Trizol reagent; Life Technologies, Gaithersburg, MD, USA). 37 Twenty micrograms of extracted total RNA were separated on a 1% agarose formaldehyde gel and transferred to a nylon membrane (Hybond-N+; Amersham, Boston, MA, USA) by capillary elution. Rat Egr-1 cDNA 12 was labeled by the random priming method using [␣- 32 P] dCTP (3000 Ci/mmol, Amersham). Hybridization was carried out at 42°C overnight in 50% formamide, 5 × SSC, 0.1% SDS, 20 mM sodium phosphate buffer, 10 × Denhardt's solution and 200 g/ml salmon sperm DNA. The membrane was washed twice at 55°C and 60°C with 1 × SSC, 0.1% SDS and subjected to autoradiography.
Effects of the DNA enzyme on Egr-1 expression in vitro
Subconfluent (50%) NRK cells were incubated in a medium with ED5 or SCR (1 or 5 M), and grown to 90% confluency. Treated NRK cells were made quiescent for 48 h in 0.5% FCS medium, and then stimulated with serum. After stimulation with 5% FCS for 60 min, total RNA was extracted for Northern blot analysis as above. For Western blot analysis, treated NRK cells were stimulated with 5% FCS for 120 min, and the cells were washed three times with cold PBS and scraped and suspended with 200 l of protein extract solution (1% Triton X-100, 50 mM Tris-HCl, pH 7.5 150 mM NaCl, 2 mM Na3VPO4, 5 mM EDTA, 2 g/ml aprotinin, 0.7 g/ml pepstatin, 0.1 mg/ml Pefabloc SC, and 100 mM NaF). The extracted protein solution containing 40 g of proteins was separated by electrophoresis through 7.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). They were then electrotransferred on to nitrocellulose membranes. Egr-1 proteins were detected with anti-Egr-1 antibody (588; Santa Cruz Biotechnology, Santa Cruz, CA, USA) at a 1:1000 dilution by standard procedures and anti-rabbit antibody conjugated to horseradish peroxidase (Santa Cruz) at a 1:1000 dilution, and visualized using an enhanced chemiluminescence kit (NEN Life Science Products, Boston, MA, USA).
Gene Therapy
Electroporation-mediated retrograde gene transfer into interstitial cells
To develop a new gene transfer system targeting interstitial fibroblasts, we first transfected FITC-labeled ODN using an electroporation-mediated retrograde gene transfer method. Six-week-old male Sprague-Dawley rats (n = 4) weighing approximately 150 g (Japan SLC, Hamamatsu, Japan) were anesthetized by intraperitoneal injection of pentobarbital (50 mg/kg), and the left kidney and ureter were surgically exposed. FITC-labeled ODN (50 g) in 500 l of balanced salt solution (BSS) were injected slowly into the left kidney via the ureter using a 30-gauge needle with clamping of the left renal vein. Immediately after injection, the ureter was obstructed by silk thread and the left kidney was sandwiched with the tweezertype oval-shaped stainless steel electrode. Then square wave electric pulses (six times) at 75 V were delivered. Ten minutes after transfection, the kidneys were perfused with PBS and samples of the cortex were frozen by liquid nitrogen.
Electric pulse delivered and electrodes
Electric pulses were delivered using an electric pulse generator (Electro Square Porator T820; BTX, San Diego, CA, USA) connected to a switch box (MBX-4BTX) and monitored using a graphic pulse analyzer (Optimizer 500; BTX). The shape of the pulse was a square wave and the voltage remained constant during the pulse duration. Three pulses of the indicated voltage followed by three more pulses of the opposite polarity were administrated to the kidney. Intrapulse delay was 1 s and the duration of the pulse was fixed at 99 ms.
Experimental design
To determine the therapeutic effect of the DNA enzyme on interstitial fibrosis, we employed a unilateral ureteral obstruction model. Before the therapeutic examination, we studied the expression of Egr-1 and ␣SMA after induction of the ureteral obstruction. All procedures were handled in a humane fashion in accordance with the guidelines of the Animal Committee of Osaka University. Six-week-old male SD rats were anesthetized by intraperitoneal injection of pentobarbital (50 mg/kg) and the left proximal ureter was ligated with silk thread. For RNA extraction, obstructed kidneys were harvested at 12, 24, 48 h and 4 and 7 days after ureteral ligation (n = 4 for each group). In the next experiment, SD rats were anesthetized by intraperitoneal injection of pentobarbital, and the left kidney and ureter were surgically exposed by a mid-line incision. ED5 or SCR (200 g) in 500 l of BSS was injected into left kidney via ureter using a 30-gauge needle with clamping of the left renal vein. Immediately after injection of the solution, the ureter was obstructed by silk thread and the kidney was sandwiched with tweezer-type oval-shaped stainless electrode. Square wave electric pulses at 75 V (six times) were delivered. On day 7, the kidneys were perfused with cold autoclaved PBS, and samples of the cortex were taken for RNA preparations and histology (n = 6 for each group). Tissues for RNA were frozen using liquid nitrogen and homogenized with acid-guanidium thiocyanate-phenolchloroform extraction. Tissues for light microscopy were fixed with 4% paraformaldehyde overnight and dehydrated through a graded ethanol series and embedded in paraffin. Histological sections (2 m) of the kidneys were stained by Masson's trichrome method. Tissues for immunohistochemistry were fixed in methyl Carnoy's solution and sections (4 m) were stained with ␣SMA.
The area of the interstitial fibrosis stained in blue by Masson's trichrome staining was measured by computerized image analysis using the Mac SCOPE programs. In brief, randomly selected cortical fields at ×200 magnification (n = 6) from each rat were photographed. The captured image was converted and modified to eliminate the area occupied by glomeruli and tubular lumena. The region of blue staining was automatically measured with determined threshold settings. The results were expressed as the percent area of interstitial fibrosis.
Immunofluorescence
To identify the cells where FITC-labeled ODN were introduced, the transfected kidneys were stained with the antibodies to rat laminin (a marker for tubular basement membrane; Monosan, Amuden, The Netherlands) and the mouse monoclonal antibody to rat RECA-1 (a marker for endothelial cells; Cosmo Bio, Tokyo, Japan), the monoclonal antibody ED1 (a marker for macrophages; Serotec, Oxford, UK), and ER-TR7 (a marker for fibroblasts; Biogenesis, New Fields, UK). 38 Four micrometer slices of frozen sections were incubated with these first antibodies for 1 h at room temperature followed by the incubation with Texas red-conjugated second antibodies for 30 min at room temperature. The green fluorescence of FITC and the red fluorescence of Texas red were taken by photomicrography on the same film by double exposure. Transfected kidney specimens labeled with anti-RECA-1 antibody were also stained with 0.1 M of the nucleic acid dye 4'6'-diamino-2-phenylindole (DAPI; Molecular Probes, Eugene, OR, USA).
Immunohistochemistry
To examine the expression of ␣SMA, immunohistochemical staining was performed on tissues fixed in methyl Carnoy's solution. Tissue sections were preincubated with horse serum diluted 1:20 with PBS for 30 min to block the nonspecific staining, and then incubated with mouse IgG anti-␣SMA monoclonal antibodies (Immunotech, Marseilles, France) for 60 min at room temperature. The endogenous peroxidase activity in tissue sections was blocked by incubating in methanol with 0.3% hydroxyoxidase for 30 min. The sections were then processed using an avidin-biotinylated peroxidase complex method (Vectastain ABC kit; Vector Laboratories, Burlingame, CA, USA) with diaminobenzidine as the chromogen. The sections were counterstained with methyl green.
Northern blot analysis
To examine the effect of the DNA enzyme on the level of Egr-1, 12 TGF-␤1, ␣SMA, and type I collagen, Northern blot analysis was performed with cortical RNA extracted from untransfected or transfected obstructed kidneys. The kidneys were perfused with cold autoclaved PBS and the tissues of the cortex were removed, and snap-frozen in liquid nitrogen. The renal cortex was homogenized with a Polytron homogenizer (Kinematica, Switzerland) in Trizol reagent. For Northern analysis, rat Egr-1, TGF-␤1, type I collagen and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA were labeled by the random priming method using [␣- 32 P] dCTP (3000 Ci/mmol, Amersham) and hybridization was carried out using the same procedure in the in vitro study reported above. The membrane which hybridized with Egr-1, TGF-␤1 and GAPDH were washed, twice at 50°C and twice at 55°C in 1 × SSC, 0.1% SDS, and once at 55°C in 0.5 × SSC, 0.1% SDS. The membrane hybridized with type I collagen was washed twice at 50°C and twice at 55°C in 0.1 × SSC 0.1% SDS and subjected to autoradiography.
␣SMA cDNA was labeled using [␥- 32 P] ATP and hybridized at 42°C overnight in 50% formamide, 5 × SSC, 0.1% SDS, 20 mM sodium phosphate buffer, 10 × Denhardt's solution and 200 g/ml salmon sperm DNA. The membrane was washed twice at 55°C in 5 × SSC, 0.1% SDS and twice at 55°C in 1 × SSC, 0.1% SDS and subjected to autoradiography.
Autoradiographs were obtained and the density of each band was quantified using the laser densitometry (Scanning Imager; Molecular Dynamics, Sunnyvale, CA, USA). These experiments were repeated three times and the density of each band relative to that of GAPDH was calculated.
Statistical analysis
All values are expressed as means ± s.d. Statistical significance was evaluated using the one-way analysis of variance (ANOVA).
